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素、Cd、Fe 和 Mg 含量、可溶性糖、丙二醛和谷胱甘肽含量、抗坏血酸过氧化
物酶活性等的影响，以求探讨不同光强下 Cd 对白骨壤光合作用和生理生态特性
的影响，以及 Cd 处理可能加重了白骨壤氧化胁迫程度，推测在中等光强下生长
的白骨壤对 Cd 污染的环境有较好的修复效果，揭示重金属 Cd 污染对红树植物
的毒害机制及治理 Cd 污染提供理论依据。研究结果主要有： 
1. Cd 胁迫显著降低了白骨壤叶片的净光合速率、气孔导度、细胞间隙 CO2
浓度和蒸腾速率，同时也增强了叶片的气孔限制值，其中等光强处理植株的光合




2. Cd 胁迫显著提高了白骨壤中 Cd 的含量，其根中 Cd 含量 高，这说明
Cd 主要被富集在根中，进入植物体内的重金属只有少量分布在叶片和茎中。中
等光强条件下处理的植株 Cd 积累量 大，对 Cd 污染土壤的植物修复效果较好。
































































Mangroves are dominant species in tropical, subtropical estuarine. They are 
important primary producers in the ecological system, which plays an important role 
in maintaining ecological balance in the estuary. With the rapid development of the 
industry and agriculture in modern river basin and the rapid growth of the coastal of 
population and economy, human disturbance is becoming more and more serious to 
environmental pollution in estuarine areas, and seriously affects the healthy and 
development of regional ecological system. As forest ecosystem which occur in the 
intertidal zones on tropical and subtropical coast, mangroves have higher bearing 
capacity and tolerance to the pollution of estuarine areas.  
In this study, Avicennia marina which was widely distributed in China was used 
as experiment material. We researched that the stress of Cd on A. marina growth, 
chlorophyll content, cadmium, iron and magnesium content, soluble sugar, 
malondialdehyde and glutathione content, ascorbate peroxidase activity under 
different light intensities. Then, we discussed that the stress of Cd on A. marina 
photosynthesis and physiological ecology characteristics. The cadmium treatment 
may increase the oxidative stress to plants and inhibit the growth of plants. The results 
indicated that A. marina can be better restored effectively to cadmium pollutional 
environment under medium light intensity. We revealed the toxicity mechanism of 
cadmium on mangroves, and provided a basis for how to tackle the cadmium 
pollution. The major findings are:  
1. The stress of Cd significantly reduced A. marina leaves net photosynthetic rate, 
stomatal conductance, intercellular CO2 concentration and transpiration rate, and 
increased stomatal limitation value. It was showed that the maximum of 
photosynthetic indexes in medium light intensity treatment plants. The possible reason 
was that A. marina were suffered the toxicity of Cd under medium light intensity, but 
the photosynthetic mechanism had not been completely destroyed, the photosynthesis 
was weakened by stomatal limitation. The high light intensity produced light 















organs and inhibited photosynthesis. 
2. The Cd treatment significantly increased the content of cadmium in A. marina 
seedings, the maximum content of cadmium was in roots. That was indicated that 
cadmium was mainly concentrated in roots, only a small amount of heavy metal 
distributed in the leaves and stems. Under medium light intensity, the plants 
accumulated more cadmium, and had good prosthetic effect used in contaminated soil. 
The stress of Cd reduced Fe, Mg content in leaves which affected synthesis of 
chlorophyll to some extent, thus influenced photosynthesis. 
 3. Under the condition of Cd, Malondialdehyde（MDA） content in A. marina 
leaves and roots produced by membrane lipid peroxidation was enhanced. The MDA 
increase was least with medium light intensity. The reason may be that the plants 
better improved the activity of antioxidant enzymes under medium light, such as SOD 
and CAT, enhanced the scavenging of active oxygen, and lower the level of membrane 
lipid peroxidation in cells. With the stress of Cd, glutathione（GSH） content, total 
phenols content and ascorbate peroxidase activity（APX） were maximum under 
medium light intensity. It showed that medium light induced the plants enhanced 
antioxidant enzyme system, effective removed redundant H2O2, and improved the 
resistance to Cd. The antioxidant capacity of the plants was weaker under high light 
and low light, so they were suffered more severe oxidative stress. 
4. The low moleculer weight organic acids content increased in A. marina leaves, 
roots and root exudates under Cd stress, and the content were maximum with 
medium light intensity. On the one hand, the plant roots increased organic acids in 
root exudates to chelate heavy metals, which decreased metal ion content and 
activity and alleviated the toxicity of Cd; on the other hand, the organic acids content 
increased in plants, which can effectively bind Cd to reduce heavy metal 
accumulation. So as to reduce the toxicity of Cd on A. marina seedings.  
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图 1.1   红树林生态系统污染物毒性与累积途径[11] 
Fig. 1.1  Pathways for contaminant toxicity and bioaccumulation on mangrove ecosystems 
 
1.1.1 红树林湿地沉积物中重金属积累与分布的研究 


































（1999）[24]用 500μg•g-1 Zn 处理的土壤中培养白骨壤种苗 7 个月后，通过
SEMX-ray 微分析仪分析发现：叶片中过剩的 Zn 离子能够有效地通过叶表面的
盐生腺体和其他腺体以及具有腺体功能的表皮毛排出体外，减少体内的吸收量，









主要的富集部位，特别是重金属 Pb、Cd 等[16 21 28]。目前对上述现象有以下几种
观点：红树植物为盐生植物，其耐盐机制使之对各元素的吸收具有高度的选择性；
红树植物的根具有发达的凯氏带，防止根部吸收过多的重金属和运输有害物质
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